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7KLV ZRUIWKRS H SBRUHV WH /LLH & F® Rl . QRZ BIGIH $JHQW WDAQ) WHU HYROMRQ ILRP  GD\D
SHUFHSVRQ VR FROWOXRXY DEDSVIMRQ  7KH VHVMRQV DUH VWKPWUHG LQUR WUHH WIRK QEFEDCBKDVHV
o 3UHAMRQ 3HUAHSVMRQ $GYDQRHG ILDP HZ RUNV | RUDVSHPAGYHOHQUWP HQADQDOWY DQG HYHQW
H WDPARQ : H H] DP L.QH HBUDQWP HWRGVVR WDOMRLP XQUAKPUHG GDVD LOVR UHDMRQDORILE
$ U RAZ OIH 1P, QM.ODT DARQ 2 SWP IMQJ WHDIHQW P HP R WILRXJK NQRZ BIGIH GMIMRQ
P HWRGV DQG WH P W DWRQ Rl FDMMARSKIF IRUHMQI : H GHVBIOMH XVH Rl FRQAQXDOBDUQIQ]
P RGHY\R P DIQUIQ LREX\W@HW DRLRW YDURXY GDVd
o OMDPMRQ (YROMRQ $QDOMQ WHWDQUMRQ VR H HPXWRQ DZ DUH VAHQDURY DQG WH QXDQFHVRI
P XGAEX@XUDCODDI QP HQW7KH R\ F®I FRQFOXGHV Z IW P RGHOGHS®\ P HOWDQG DSSTDMRQY
%4 LOMIDAR] WHVH WRIHY WH Z RINVKRS SURYIGHV D VWKXPMUHG URDGP DS | RUGHYHRSIQI H I LAHQW
DGDSWYH DQG HWLEDGS, DIHQW

' U+DITIQ <$1* LV D ) X@3URIHWRU DWWH 6FKRROR! $UAIFDO, QM@IHQAH 6KHQ KHQ 7HFKQR®J\
8 QYHUAW + H SUHYIRXMD KHG SRUMRQV DV 3UQASDCE HVHDUFKHUDWMH , QMUQDARQDO LI IVBO{ FRQRP \
$FGHP\ ' ($ 6HQRU5HHDURKHU DABIQI $Q /LLIH 0 DRKIQH / HDLQIQ) 6FHQWANVDAD HWY $GMQRW
$WRADM 3WRIHARU DWV&S +. V' HSDUR HOARI ' HAMRQ 6AHQAHV DQG 0 DQDIHUDO( FRQRP LBV DQG
$\MMEQB LIRIHWWRUDM- DQJ 6HQUJ 0 DQDIHP HOARR@UH + H UIHAHLYHG KLV %6F 1URP 1 DQNQJ 8 QLYHUMW
DQG 0 3KIODQG 3K'  1Q &RP SXWUGFHQAH DQG ( QIIOHHUQ] IWRP &8+. +H LV D 6HQRUO HP EHURI
((( DG &&)

+1V IHWVHDUK IRFXVHV RQ * HOHUDWYH $, 1 DW(UDO/ DQIXDIH 3WRFHWIQJ DQG 0 DFKIQH / HDUQIQJ
SDUAEXOWD OUH OQXDIH P RGHY NQRZ GIGIH HOKDQAHG P RGHOIQU  H I LEHQW VFDDE®! GDLOIQY

DORUWP V DQG LREXVIAS, i VWP V IRU EXVIQHW JRYHUQP HQW DQG FXWRP HURUHQWMG DSSTFDMRQV
Z KIFK VHUYHU RQH EI@RQ XVHWY/ +H KDV SXEQKHG RYHU WHHUHHG SDSHWY/ 1Q VRS MXUODY DQG

FRQIHIHQAHV + LV DZ DUGV LOFOXGH WH $3116 <RXQ) 5HHDURKHUS$Z DUG DQG WUHH $P IOHUO RW
,Q OHQWDBBFKROU+ RORWDEGI0 HMRQV $$$, ,-&$,

+HVHUYHG DV3WRIWDP &KDWIRU,((( : ,,$7 DQG,&21,3  DQG KDVKHG VHIRUWRGN $U-D &KDIU
6HQIRU3& 3& DWARQIHHOAHV IQFOGIQ $$$, ,-8$, $& (01/3 ,&0/ 1HXU36 HW +HZ DV \WRADM

( GMRUIRU1 HXURFRP SXWQJ DQG FXUHQWD VHUYHV IRU+ XP DQ &HOWIE , QM HONG\ WP V/
+ HUHFHYHG D 7RS 5HYIHZ HUDZ DUG D8 $,
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ODFKL@HIDUQPLHONKRGXFIBOVUDQGRRUH\WMVGHHOHXUD®WZRKBYH
GHPRQVW WHWB G N BPGHULMDRFHSPUWLFXQBIWIX GLPHQ VHRQMDLAD J
+RZHY MWK FLKIH R U HRW.E 6 DWH\RSHVF L UIHI\L PLHOW R OR'LIQUSDUDPHWH U L
DQG PDVVLYH PRGHO FRPSOH[LW\ UHPDLQ RQO\ SDUWLDOO\ XQ
7KLWDBNHDWSHUVRYWOWLVWLFSHULSHRVE®RB H PO FKLQHDUQLQJ
G UDZIRQW H F HDQBAY D QIEGWV\K\M K H RRUQ D UQ H X LQDHOV ZRHQ V H P BEIB U LG
KLJK GLPHQWHRDH\H E R Q WPUHNY DLW K B RIG W@ ]BIO RGRHYRGHWHUPL Q|
JHQHUDOIS|DWRR® DQ¥W HEG UR S UIHDIW®E D U L7 R MW RIBSO LIF LMD W K
QRUPHQD O WUWS/H F WARIQD/ W U RIUQ WS/O L MLKAU R OJKI R U L WRKWPULFF W U H
HQVHPBPOHUDJSQDD\GHFLWR®EHQV X UL\ D W LAV/RALIE\DW HESAUW L F X O
ZHSUH VK@ WHHW X®MPR Q V W WIKVRMGIU S D U D P HGAHHHEIH] X GOHON Z RADNY/
UHPDLRFRQVLVWMB@VWKHZUGWIKIRZWVUELW UDDUIHURY LGHEWDEO|
UHJXODUL]DWLRQ LV LPSRVHG

‘H DOGR.VF X\WOWHPPBMWKRIGFOXSURVMHBWURALWKDW EDHJILRQ G
UDQGRRUH\DAWW KHYLDULDDK\FRRPEL @QHKHW UHQRWAHOD VW\RD®/ LV W L
PRGHOD@IP RGHWDFKLQHDUQLIQHVBISSURD FACHY/ LJQL I L APGW R Y H
HPSLULFDO SHUIRUPDQFH ZKLOH PDLQWDLQLQJ VWURQJ WKHRU

3URIHV VR QJFIXRQ3 UR I HVRIKRW D W LDVWMVKIFDM L RRQ@QDHGU VRWBL QJD SR H
UHFHLXH®BK' LSWDW LIUWLFNSBQLYHURIMRQJIRQILQ +LMUHVHDUFK
LQWHUKFWREB SDUDRIHWHYNDABODFKLQHD U QN IQRHH U IDHWD O \IVQ &

W KWW D W LR/RVAHFORQD | HF W& IRKHWD YHKDWH U YRIGQ XPHURDQW HU QD WL |
UHY LSIYQ HDGMERPPLWW B RY X G, 4+ QU D Q WY LHYQ HOKIH Z=HD O DB HD U F K
DVVHVVAHEWF DWW KH6& $5%RDUWRG'LUHFW-RHIKDVDOWRHUYB® Q
$VVRFLOBWWRU HDGMA X U QLIFD X &KSIQ Q DRIGW D W LD/ RO HFWURQ |
“RXU@BW D W LMWIHFAM DXDAKH HZ)L G HOHF R J QD HEE D W XL IBQ XHX/FIKV
1IDWXUH 1HZV -566% DQG 6WDWLVWLFDO 6FLHQFH
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'"HHSOHDU ®DEHHDL GHIS SODIPE URX FEKWHDNW K ULRXIKNBKFRJIQLWL
FRPSXWHVULEDRW XUDMDIXPURFHVPR@D QR W KGRP D LDRH Q Y R GBHHSS
QHXUDDNZRURKLWHPE Q&R PISYX W D W VR SKEDOYEHH HDH O/OV X GL@ G FKLQH
OHDUQ®WXIWKHUWNPXFK®VWKHRUHXQG B OV W DIMERXMKHPRGHOOLQ
DSSUR[LPDRAULRHQHUDOLJDM/DR@ILEMHSOHDUQRRGH@LWKRHWZRUN
DUFKLWHFWSR B WDIPO RHVWUXFWXHWHBHXUQBWZRUQFOXEHH S
FRQYRO X@H R@DB® Z RUNVX FENBR Q Y R O XDMUR QN Q V | RENPNUWH Q WKLHR Q \
DUFKLWHBUWYXH\HWH Q WILIDIBI Q FENW Z HH)QF K WU X FWQXHUMBR D R'E@ X O O\
FRQQHROQH®K LWD®MVFUVRRBSSUR[LPDWGERQHUD O D|QWQRIGMH S
FRQYROXWLRQDO QHXUDO QHWZRUNV DQG WUDQVIRUPHUYV

'LQJ ;XB®28LW3URIHW@R&HDRI6 FKRRIOD W K H P DY GFVD W LSAQNLYFHW V L \
RIG\GQHIHIRPRY L QR X VIVQUIKIMZDW&KDBURIHVIRUWQLYHUWRMERQJ

. RQINHUYDOQWRLUHF®RIRWK/H X6 LHX&HQWR B D W K H P D BALA-DEF H V
$VVRFLIWRRI 6 FKRRO' DWBFLHQFH DQG-HD®RI'HSDUWPRQW
ODWKHPDWLFV +LWHFHOQHWY HDUMRE X VRGNV KHRUR D FKLQHD U QIQWE]
GHHGHXUDON ZRYMNWHFHLYHK® GRULVWLQJIXERKB6F KR OIWRA 6) R |
&KLQmD D Q @D W D WIH® E\7TKRPVBEXWHUV &GDDIOYDWHY
+LIJKO\ FEAWHD U NS RIMLRYBOYLOR O XEBHMDIGLWRU L @R ISKKLH |
MRXUQUD®YDDYQWS/SOLFDMQAEP W K HP DVRIXFEDAD WRIRRF S X W DQJIB Q
HGLWRULDO ERDUG PHPEHU RI PRUH WKDQ WHQ MRXUQDOV

/ OLQH RI UHVHDUEFK
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7KHHUBIVFDOKRWHOLYHHABUNBESBE L EDWIRIWYE DWI GDUDPHWHU
DORQHMNQOLNHOVRGX#H 7TKHQH[WHDBH TXLDWMKLIWR DV V ISYDHV W H U G
UHFRJQMWRLFR\URID O G L IKHFAMHHG W B GU QIAUND P 8Y, DW KFHRQYHU JHQF
RIWZRRPSOHPHGWDDGLBHPER G LLHGN H O O Z K BRI X QGHD U Q QM & H
SK\WLEROD@ZW F HF\K D O O H@HQH U D O IDVQDEAHLIRAD ZIRQMDIGU DIFQVR RHQ W L F
$,ZKLAKQDEQHNO BEHOKFH S WH R'QR @LQUEIF W L RQ U BHXQDY L U R Q AWHKQ\R X J K
UDSLWH U DWISR® X O D HIL\R MKIF@ P S H WD DHQ VAVFW HPIVHIUQL PP H G L D W H
SDWWRFDSDELDQ@\ODERUDMRENYHORSUQQFLE DHMW H O O IZK-L@AH
HPERGLPSIQRY LW KXO W L RMDHRW R E X V WEDGIG @ L J Q P HIQHAH Q WRLDDAL ¥
WKBWZLOEOHUJBRPYLUW YORGSHWZHHQLDWH®BQ SK\VLAPSHULHQFF
FRQWLQXRNVQWRUIBGRGHDYE[SDQGLKQIMD FKLEB®RQ G H U VINDP®RS
XOWLPDWHO\ DXJPHQWLQJ UDWKHU WKDQ UHSODFLQJ KXPDQ |

3URIHVV,RU%LQJIJLMVKHKDQDPLGBUHVLG HX®DB® | HVRRUKG6FKRROD
$UWLILFWBIO ODIWRESH. 6KHQ]HID 3URIHVYRWKGEKHQ]KHRR $SUHD
,QVWLWHOWH HFLSRMQFD W LR DRWDWL QJ XU 'S K MEBL WXBHFRQGL RHW K H
1D W L RIQIOX 8 BICH GRZID U B Q &V K&K H X QR Q B FK R OHKID/BU R I HV V RIWNRKPL S
W KO Q L VRMQB\X FD WR R € @O K6H FR QGL RHW KL Q L VRMUB X FDW LR @ XU D O
6FLHGRIDUGHL\D)H O ORIZVK$P H U L FsIVD W L ¥ WWLREFDLD $BLRHO O R D &/ K H

, Q VW LRNODNHK H P D WL B IVQ VOW) LHFO/O B 6 QO HFWHRE HB IW KW HU QD W LF
6 W D W L \QVMFIDVBX WHK DV H Y HIBS VVRF(BWWRWH Y HQ W H U Q DWRLXRJQIDAD \
LQFOXGQQDRNSSOLHREDELRXWRIBXVLQHYNRQRPAWDWLBQYGFV
6FLHQFH &KLQD
+LVUHVHDUBGKNWHUWYWFUREDE D@QAYWDW L WWRER P HWQUH\W ¥ R&JINW D
UHLQIRUFEBREQ@WIL®L QIR UMIMBIUAVL LLGFW B O O+ HKIE XE O L \RKYHH®
SDSHUYOHDGM®RXU @IOFRQIHUHQRHO X GD@DRMsWDWLSQYQDRNV
SUREDEL®EW566% LRPMNIIRXURDFRQRPHWULBE¥LRLQIRURDANILFV
6FLHQ@KH QIIH X U, PAQ G& /5+ HK D Y [W H Q Y DG VAR O\OUIDERHRBH U L HDQ@RH
KDWHFHLYWKGXDZHESDUNZDUB QGNKH XD ZHIXW VW D QRARAMIDERUDW
$FKLHYHPHQW $ZDUG
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,QVDIHW\ FGRWDEQ&BE\P HG L FIDRD J LIQJ 6 XW R Q R BRILY V@D Q G P D GH
VHIPHQWPWGR®@W HRLOB UR Y WGHO L XEGH U WDX Q@AW L | L PBIY GRARJ

GDQJH UIXOVDHH JDW L K HOMI[ L V WARJ | R UB DBNR Q WRIHRW K RFEVHRID UJL QD C
FRYHUDJH JXDUDQWHHVY WKH\ RIWHQ SHUIRUP LQFRQVLVWHQW
H[FHVVARYHUCRWLP SD®S XK\ OBIL O WEIU R WHRERS ORIQ H VQW K D O N

LQWURGRPHRUBDOSGDSWDVEEB® QRYHODPHZRAHWLIQHBQKDQFH
FRQGLWUILREB®ROWLRDIPHQW BWLHRYH U DA DS WIERHXQ F W MRKIDA M X V W\
SUHGLFWLRQ VHWVY EDVHG RQ WKH GLIILFXOW\ RI LQGLYLGXDO
&RQGLW2R\WDRIHGD SWILRIHVKRO ®QHR G WR GILQUBH QW LREWHP L]D WL
DSSURDNKHWD WEWHGWRKRSWLRBPOJH VSMKUHNKRIGIEWRPYBDRL]LQ.
WKHWLVBR S2XWH[SHULPIGOIWQ VW WXWM HFHW K RSGAR Y IY ®ORLISU J L Q DON

FRQWURO ZKLOH VLJQLILFDQWO\ LPSURYLQJ FRQVLVWHQF\ LQ
UREXVW SULQFLSOHG VROXWLRQ IRU KLJK VWDNHV SHUFHSWL

V> (Al AF ®> —+> fe« Cl AR BB -@ A | FeBE Ceg®A T — ¢ > Al U

= o A4l pfAE- DG B o> >
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‘H LORVGX DHQHZDPLRNXQLYDULDWH P XIOGHLY DOLDAEH WBIFSP D* O D P
GLVWULHRWRRQYHIJDWQGHRBULDERHMUD B HQ VILWRWU P HEGW Z L V W IK®IJ
JHQHUDODRPHES HQ VY. MIY KXVIRIJHQHUD ODL]XB RO \Q R P LHD OW X W K H
SUREDELOURWHE RILBIYOO DPGLVWULEXWLRROVHWKRZ@QRKDYHUHDW
GLVWULEXEH[R B DRMOMD UQAFRRIISOARQ QHJDGDW® DV HEQWKHODP
GLVWULEXMWRIBYRSROHZODP EDBMN® R UHJUFRQAGLYWE R QDWE&KR'Q
PRGHORUQDQFGXODWLRWIR UHRYHUFRQVWQMEXMQLYDULDWH PXOV
*ODPHJUHVPRBHOWDGW®YHIXXDP EDNHW®HUR JHIMVRRKWHJUHYS/LY |
PR G HIGRW H D O Y]RHGED VEIVVIKWO VIS SO L F ZWE R PR Q V WWUKCIMWHO DP EDV HC
$&' PRGHBXWSHURWPQFRHEHQFKPDIUQOW DU QVIQB\QDP LFEMW RO XP H
GXUDWIIRWR W LVWRHANSY 6 PDUNISWWKWHFRQSSOLFIXWLRQXVWKBDW
XVHIXORNMWODP EDY$EPRGHRYHUK HEHQ FKPBRRSHW LRIRQD O\]L Q.
WKH UHDOL]HG YRODWLOLW\ Rl WZR PDMRU VWRFN LQGLFHYV

3
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SHOQIRIAP HOWGDWIQ) 5/ KDV HP HUHG DV D SWRP IMQJ VROMRQ P HWRG |RU FLDQH @WSDW(
SOQQQ +RZ HYHU GHMJIQIQI DSSURSUDM UHZ DUG | XQPARQV |RUVRZ HURIDQH 7& RSHUDWRQV UHP DIQV
SDUAEXOWD FKDBIQILQ) 3RRUGHWIQ Rl UHZ DUG IXQPARQV FDQ BDG VR QRQ H HIXVDE®! @WQJ SDWV
7KLY SDSHUSUAVHQW D ILDP HZ RUIN FRP EIQQU 1P MMRQ ®DLQIQU ,/ DQG 5/ VR DEGUHW WH FKDIBIQIH

7KH ILDP HZ RINFRP SUMHVWUHH WSV GHMJIQLQI D YIWXDOHQYILRQP HOWFRQVMAQ) RI FROVAKPURQ
VW P RGHY DQG D 7& PRGHO  FROFWY H SHIWGHP RQMADARQY WILRXJK YILXDOUHDON 95 DQG
SUHADIQIQ) WIRXJK EHKDYIRIDCFRQQJ 98 DQG  UHILQIQ) WH %& SRIAHV YID JHQHUDWYH DGYHW/DUDO
1P MMRQ ®BDWIQJ * $,/ DQG SUR[ [P DOSRIA RSWP [} DARQ 332 8 VIQJ WH SDIV JHQHIDWG E\ D332

P RGHODV WH EDVHIQH WH SIRSRVHG %& 332 * $,/ P RGHOH KIEIWG EHWMU SHURWP DQFH 1Q ERW

E@G DQG QRQOEMRG @WQJ VAHQDURY 7KLY 1LDP HZ RUIN KDV EHHQ SLRYHQ VR JHQHUDW UHDDME @WQJ
SDWV P IWLRUQI ADQH RSHIDVRUEHKDYIRUZ KL®! HQVXUQJ HIIFHQR DQG VDIHW

&UFU«®f¢ U & Y +Cil>@BETr @& pAA® | ADA ¢
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0 RGHIJ UMDV RQ @LIH SRUARIRV LV D FKD@IQILQ) SIREGP MQFH WH QXP EHURI SDUDP WY 1Q WH
FRYDUDQRH P DWW JURZ V TXDGUDAFD@® DV WH V] H Rl WH SRUARIR LORHDVHY ,Q WKLY SDSHU ZHDIP R

GHYH®S D ILDP HZ RINVR P RGHOMH QRQIHDUGHSHQGHQAHV G\ QDP IFD@® QDP HO WH JUDSKIFDOFRSX®
* $5&+ *&* $5&+ P RGHOO0 RWDWG E\ WH FDSMIODWHWSUAQ) P RGHO RQH FRP SROHOWRI RXU
P RGHOLY LQGHSHQGHQRH DP RQJ WRAN UHWLDV JLYHQ VRP H UWN IDRRY/ WL FDQ JUHDWD UHGXFH WH
QXP EHURI SDUDP WMWY/ DERZ LQJ WH P RGHIQJ Rl @MUH SRUARIRY 7KH MIQAMGMMEXWRQ Rl WH UW
IDARWY LV IDARU] HG XMQJ D GILHAMG DR FIE JWDSK ' $*  ZIW D SDIUFRSX® FROMKXPARQ 3&& R

HQKDQPH WH P RGHIQJ Rl WH VLY Rl WH UHVLD GMMEXWRQ Z KIB! FDSWMUQI FRP SGf GHSHQGHQW
VAKPXUHY 7KH' $*  LQGXAHV VRSR®JIFDORLGHWY/ VR WH UMWN | DRRVY Z KIFK FDQ EH UHIDUGHG DV D QMR

GILHPARQV Rl WH IBZ RI IQRWP DMRQ ' \ QDP LIF FRQGMRQDOGHSHQGHQRH VWKPXUHV DUH IQFRISRUDMG
VR D@RZ WH SDUDP HMLY/ [Q WH FRSX@V R EH WP H YDULQJ $ WUHH WRUH HVAP DURQ LV XVHG \R

HWP DM SDLUDP MUY 1Q WH P DUILQDOGIMMEXWRQV WH UWN | DRRRUFRSX@V DQG WH WRFN FRSX@V 7KH

VP XOMRQ WXG KRZV WDW WH SIRSRHG HP DARQ SIRFHGXWH HIHPRYHO HMP DMV WH

SDUDP HMLY/ DQG WH XQGHUDIQJ ' $* VMAKPXH Z IW KUK DFFXWDR ,Q WH LOYHWR HQWH SHUP HQW
SUHVHQMG 1Q WH HP SIUFDOWMG. ZH WKRZ WDWWH * & * $5&+ P RGHOSURGXFHV SRUARIRY WDWRQ
DYHWDIH \ HG KLIKHU UMWDY &Z HUMBQGDLG GHYIDWRQY IHGXPHG WLORYHU DMV LOGIFDWQ) &Z HU
WDQDAMRQ FRW DQG JUHDWMU GLYHUMLIEDARQ Z KHQ FRP SDUHG \R VER FRP SHWQJ FRSX® EDVHG

P RGHY 1Q WH QMDD
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1RDGD\WDSD&YDQFH PHI WYVWRH F KQ REDR®WU W L IILE WIHD OR H MWERHG V
KDY®IHERQW H JWDBVEBH & D AKKHIWS S RRIRWH | | H F VDIQYSHU R D F W@ & HAD@\H
7TKHQWHODS SHAWRKIHHYWH Z RO X WL RN QW WKIHQ E L Y L B R DMWY H HRE!
FDUHRUPL®RUHHOLBEDHQ RVAKMWUR GLF HDWHY J J FAUKIEIW HU Y HRWL R Q
SRSXODWKRROM KSR Y LGDYIL MCKHER Q VLV VEHQWRQ DKkH.D DGV KHF\D B H
+RZHY MKHDHAWU B OHDIDSKW HIDUBGRQ@QYRPSOHPHQWH JIOQ @&HINVXW H

L QW H O @ISISHURD AKRD\G Gr D O X\HK H D O W KFFRDQ\HX P IDIQ\GS U R Y L G,HQUAWVK L V
SUHVHQWZHZL@®QVFXDVLRX'SHFER XWQVR U EICDWEDB L YIHSS U R D AKRH V
LQWHO GHIHIBPWQ LW RD QGIL VAU H G L F WULRRRQ\ V W FSRJ R W R \@ HB\VHL 3D W D
FROOHPRWRERQPIRGHOILQRUGMUXQGHUVWER BBV WI | HFWLDWAK Z DUR P
UHVHDW K DFWLEDOL F DWRLARRFH O HUDIW B | R U PIH@BE& Q W H O & HIDHOQWK F D
GHFLVLRQ PDNLQJ
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ORGHUDQSSOLFDWRRRUGHXELTXLWRIK GLPHQ\GLIRQIM\CS HF LW O PH
GHSHQGIDQ¥DL WKR UBQE8RUFRP SO L ADMHG VD)XQUEHWO WP ¥ HF R FPHR U H
IUHT X MQRMD F R X QWKNBH Q DRUK RH U D U IHHLFIDWO L FDP\RIKQYSW L D ERBANY H U
W K HWAWDR O DRNV X SHU YQ W B G QLRRIW KGIL W H UIRWPH RI L /& LD SZ H
LQWURBXHFARGHO G H VIUIDAHZIFOUNGW K FR P E L @H VKIQ V X S H U MOLRAM B U
PRGHOMWRRWRRUF QHIILAQDM) G QW H U S UBIXWDE O#HJ UPR/G HIBHK L J K
GLPHQV LVRIAHIU [ZH VKK H U D U FKVMUFDFOVE OR Bl @ L QOCHDAWTWY D BHHAW L P DLW L R
FRQVLG WDQHEGQRQ DV \PLSSBURRNS H UDNLHAAW D E O DR KH® YZ2HS5 U R S ROV
DOJRULWR/HADUFKUHVWLPDOWH® ERRVWERBWKRGD O VRXJJHV WRILG
K\SHUS D U DW H @/HHFUBLLARXD DM[ISRQ@ L P B Q AR/Q G X PMWRHYGD O XD@/IHW H VD P
SHUIRUPRQWH BURSR\PHIG/KRGRDRE WXV HIXO0 QM3/HPRQVW EDG G
DSSOLFIVWWKRHE UVRQDOGWW D ¥KM/UR MIHFRWD X WK RIUWMB Q L 6 K L E<RX
DQG <LQJ]KRX :DQJ
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,OWKSEVHVHRQ,ZWGQV F YAKBIQD O RMER Q G L WS RVWERG HW® ¥ D @Y RDR W K
PRGHUDWIQR®PH G L DWILRREN VH\LWKWENWUXFWMIMDWPRGHO LEWD
I[UDPHZRAIRGH UD W DRKH G L DWLERIO \BHELGHOYHER KXQGHUVWDIXGLQ.
LQWHUDFQVGY®DP IO W XRIHKXPD@HKDY LRMG X FDW DRREDW\FKRORJLF
UHVHDUORK HUDWIQRM® \W[LDP L QEKH @ QGRW KRPSV\FKRORSURBEVVH \
RSHUBWH H UHOKHQ\HPWG D W IDR)XP O W[IS\SODKRYD Q ZK\KXPDEGHKDYLRU
HPHUJRKLS/UHVHQWD®ORREF R QG LWILRWERG HW K D QW H JRIDGHH DW L R
DQEBHGLDWLRIP SKDWRIQP RGH/HFLILADWE@®WYH U S U W DML R BDIOO
GHPRQVWLRYWIFERQ G X¥RQ) GLWSRQE@D O WNLVBI0 WD GG UHWYHDUFK
TXHVWLR®ROPR@HK U DPRWHEGE D W IQRBGI G LD AWRIGH UD WY R@ED G SDFNDJH
IRDQDO\ARJGLWIRWERG HOR/S R U WPIHOWK R G R OFRRIQLFEHOU DM@ 8 Y@\ L Q J
FROQGLWBR@HXQDO\XLWK&(@ DVFRPSDUHIGNWUDGLWUIRQBOVLRQ ELC
DSSURDFKHVY DUH DOVR GLVFXVVHG
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7KHKRPHOHD U QILODBLQP H FWPSULSBVH @EMO L HI[®HFW D VD IQREDNW L W X G
FRQFHUBKDRO G LOHD VORI Z L WW K HQ H D U Q/LXBIS RSUWD FWE BRY L ®/HRG
FKLO GEHNR QG KRRIOH\GL Y HG VRH Q VDR BI® R VIVOAR F LDMWEKGI | H ULHDQMD \
DFDGHWNEIO®RX QEK L O GALI GMPKMX O W L | DG B W MREEHR WWKKKR P D HDU QL Q.
HQYLURQPOGWNUDEDGHRNE @O XFWERYDWRR@HOLEYO L\SDUWLFXOD
ZH OO LWHREH VHDLUW KDV H,IW KS VY HVHQW 2 IMERDF X WAX QLK B'®/S 60
LOYDULRRVWN R [DPL@HMHFKDQLWRWVR X KK F&L | | HUMVBM RWWKHKR P H
OHD U GILYIL UR QPRIQWU VERRWHQ B KL O G HHHDQ IV D GIHAY N L @ Q ¥ O X @/IKQHJ
DQWHFHGHQDEY. Q/KHKRM OHDUQHQYLURQPHRDMODOVRLIKOLNKW
PHWKRGRORQVE DEDY® UDFWARQWVLGHUDRVERQVIQLVWQUXFWXND®LRQ
PRGHOV SDUWLFXODUO\ VHULDO PHGLDWLRQ PRGHOV LQ WKL\
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, QWK BWHVHQW,DAN DRYBGIX FOHV H U LRHV W X GWIKYH\W SO RW U X F W R X DWW L F
PRGHOL®@® WRH[DPLQMKKRQJLW XBLH®ICF WIRWHD GLRKRIPSUHKHQV
GHYHORSBHR®@WLRRPSUHKHQWLRQOWLID¥NWMGIWRORMWYLPHEQG
XQGHUVWILOSHYHORSPWQWRBBWRULD B O\ WLSFDUR D FKCHB\D EFOIH
PRGHOERRB SOHRD X VIDHDO DWKLLFSTK H5 U L P CPUHW K RRRW H ZHL@ Q F O ®B M H C
JURZWXUPRGHOL®IO0 WRDSWKQE LY IGAXIDHY HIQE® VW WIDW G GU R Z W
UDWPMNG LD VDIGR®D \WIR\D Y H V WW KBIWFK D Q LWRW R X KK FIKD UVN L GHO ¥
YRFDEXQQGL UHGWO\HDDAARE S UHKH@PWRARHUDIVQ R Q \WIRY S O RAUREZ

]JDWLRBRQWHI[W XB @ DO WHWHW UH ®JIBULK H FRIWRKGYHO DW L RI)Y&URBVY ODJ
GHUVVBRREBRGHOIRQIOW R/ HVMSE WU R FODQOG L U H F W.IOR Q B BIHF\N ¥ HFHIR@ V W B X FHW

) U

FDO

HWLFDO JXDUDQWHHYV A

RQDO

WLPHXFEBEVZ KHW KHHWD GERP SUHKH QVHRBEY/HKWV H T XUHOWWANH. @ DOR/Z W K
YLFH YHUVD
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0RG HURQE HLD | UD VW U X K\WENWHK) W H UFDBHWE W 8 R\PLHFY W W HP @ S HH U
WR SISO W | RADRE/HU H S U H V HDQMRPGE OGH W Z RUMRWIK Q FW L R@ 1D DUD\G F
DVQRGHULRUDUMHPRYHIE LOWURGRRISLILHBQHIURFHWR R G HWOK H
VW R F K HWWRIORX W LIRQH W Z R U N URHEKIV OV B W WLFG HDUG Y H U V D W MDDEFWN V
UDQGRFMOIXQFWIh RQWGRQWKIPRGH@H GHYHORISUKMSRWKHVLV W
SURFHGXWRARP SD WHK L VNQ GUHVLO LRIQWERQHW ZR UNMWHS UR SRV H
PHWKRGR GRIEHN SO WHREQ WR S R O FPH.IFD)ORHYH W Z R RE X V WRUH YV N
3UDFWGEB B DO\WRWWKEHHU WRIBEH W KQUWZRDQ® KHQURIKYP DL O
QHWZFOUNS UHVHQMWRGOXVWHKBWRS R WHRG HIDQ @ HW KR GR Q W&D U O F
VLPXODWURYHGE R YDOXWKMEHUIRUP RQWHKSUR SR3P HW KR G R RYG H
SUDFWLFDO UHFRPPHQGDWLRQV DUH SURYLGHG
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SHPDLQXQHIROBUHGRGRVERP S OV W HEXU LWHLO L FNF GRS H U D W\DR Q
SUHUHTXR ML VAHF V8 U H WL QMY H @INESDSBUGHNFLVLRQ BBRXQDWH
SUH G L FWH\RXEINDW D QMKHR U P X O DRYD B U R S WIVDWDHWBIQ EHAF L V )RQV
FRPSOBIQ®LIJKOMNOLNEVMHPRGHODQ&EQIHUHEDAHRINH'GHIJUDGDW LI
IDLORRIEHKNDYEHFRPINQGDPHOQOW®WRDAFRHY X GWH G L FRQRIGNIHQ D U\
OLIHWGDWDKDRMOVHFRVBFFHRVIDLOX®HJIUDGDOVL\WHYKLEGUW WLQF
FKDUDFW HEFIUNRBMA M UMEWR ISUR G X FMIVQ Z K IGBIH U D G BB MDYV M ® | | H U
IURPORZ TXDIGIDM\XVKFIDVQRLVIHQ®PLVVLYDOXEXULQBFTXLVLWIR Q
WUDQV P LG/X/NR® U L RXKFW RBYW B HU I RG B VDI D O DQIGV W D W LRRAGLHFDIOQ J
IRUGHJUD G DSWLRRRH VX/IHVK S H F IG0HY U D G DS\DLVRWY KKWD@BWHAQR Z T X D@D W D
FRQ G L VKIDREQWF R PAHKMH L \XVH R D F F X UDBWSIUH G L FWHL\B B S RZWVS O R Y DG H
GHWDLOHG RYHUYLHZ RI WKH UHVHDUFK ZRUN FRQGXFWHG RQ
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$FFHOD VGHHIG U D G BBW IVRVQ XFMAMWHQZ KDY P HUJB®Y D O X DAEHDAK Q L DX H
UHOLDPRQMIONE DV W L F KRR UIKOMO L BERIB X FWMYSSURBKPRIDUQHUHG
VLJQL I IDRD\VYMWQ OMKRHOH R HO LDEH Y HWYFRP P RO U D F W HREWHAULYD G
PDQGHJUD G IVWIXRQW KU HVHRIE® QGRP QBWKIHQ L\ HDOD G MW YR V
WHVWIDEWW. VREYLRWXNKBW R G X EWVER ZHQ L WLHI® D G DONHLYRNICHVQUGR
H[SHULHRE® R WHHD U OAVHDJEO L IR MW K IDVQH [WH Q GBIBP 8 UR F HP\R\G H O
VSHFLILEB@DIQWB QDO\YH7 GDWAL WHD QG R L WSLHIQ D G DAV YRV V
SUHVHQWHAAMD OXNL ®O \BBH V HXBEB UR [L P DI\R MWRKIFR Q G L WRIRD@ W LPH W
IDLO BQKV KYID UL DRIFBIL O WUIIIR S UR G XIFVKV E L WILLKIB H J U D G COMLYRI® V
7KHVOH-S SUR[L P DSWLRRYQXEH EQE VL W B/WD FW LW.IQR € HBW Y D O X DVKLHD J
LPSDFRVGLIIHUGKMI D G DOMLYARDSUR G XUV LD BELODWQS''7 GDWDR/IHW
UHWXUQ MSDEDRJIXQFW&RPRMNORU/W RPD QD XW R P RIEK @/H OW]BIGEO X VW U L
WKBURSR \PHRG HIDQ ® HW K R G R O/RRPIDHNWAL Q | R U PGHHGF L V LLRHQID U GTIXQ@IO L W\
PDQDJHPHQW DQG SURGXFW SHUIRUPDQFH
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$JDLQWKEDFNRSBIHGXFDWDRQBOVMHYRWXDNQE&AO| G L WOHDNMHE Q J
GHYHOR S PMQIAU H V H Q W DAILRQMUHION KG\L UE A IV B @LUQ.H Q BAVGH VV P H Q
SUDFWIWRMQ GEBG VPR GHQUVWHY LMWAKEHY HOR S PHADARHmY V HV VP H Q
WKHRULHV DV VRIOWDHERQIHVVRRQ@WD U OL@® VWV VP HIWYHDUQLQJ
DQG OD UIWKHR UFR Q QR W BWLRH V V DAVQ WD U GIHI@IW HRIGVG X G M B @/
UHJX O IVQLER] O H FAMIEFRRQ@ ®Q W U R GAXEB V IR G DODPRGHBEDVXUHPHQ
W K HRUWD.O X VW WDGM.Q WD R ¥ D WWQXEHRQWRISUR[LBMHY HORSRAQW
LGHQW X QLHYBS HFWHAGS R QY@ 8 Q D E OFLROPIS X W H DIG Bl S WAL N YW & § TW R
VXSSBUWWYVRQIOWNHBYPNQWKHUPRUHY HEWE\7 POR QO DYNHVVPHQ
DQDOWRRBE Y HO RMRIGS OHPHMWHKR GHO EBPWBGE X UH PGHYWD LLOWBQ W D
SURFHVER@D\WQ@HVRAWISXQWYFWLRGWXGBDQWBDHFKHU ONYHYVPHQ
DSSOLFDAKILE/QNYVHQ VR YRMWKHR U HWDLFEBDRONE UDFWLEROS SR U W
IRU SURPRWLQJ VWXGHQW FHQWHUHG VHOI GLUHFWHG OHDUQ
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7KLWV X GI\[DP L QR/ZT X LY HO H FMA\VRRQ R PI\H FBW /0O H D U R XQWIFRPRR Q J
VHFRQ G/DMWX G HMUDWQ \LIQTJURRHDFKHU VW@&H PWWIGWWH®G| VHOHF
DVVHVVPBEWXUWY HD® $XWRQRMUDGRKHUSIHUIRUP DEGHRD LRDW G
IUHHGR@FUHDWMGIO| HIIUFPPB L YM® BQ DV VLV WO IGEMALIRYI B @ Q
RSWLPDOGDIRXQBQFWLUPAMPORIQLWEDHRMKEBWHV HUWWKRPR WLYDWLR
EHQHILWV RI FKRLFH ZKLOH PLWLJDWLQJ SHUIRUPDQFH GURSV
5HVXQMY HDOLJIQLILFWENZGWHIFOLQBIFD G HFSIHU IR UP DMK WRQRP\
LQFUHDX®BRY HDIQQIXWRQRBMUDGRKHUKLIK DFKLK®BBMVUXFW XU
FRQGLWVYROQXJIJORVMGLQDXWRQRPREKWWLQWHUHVWE@IOMOI HIILFD
UHPDLQM®D BEH RVESKDVHKIIHV WKBWBIHQBURYLEHSG DQ&HO|
VHOHFEDVLVRYD S V\F KR O REXU FHDEX HVM HQ G L IQLUYK O WIKEFW L WL @ , D \D
FRIQLWEDPHRQEBKHRQRI3ZUR[LPBE®@HORSPHFWOLWNWDRQHG UHJIXO
PRGHO WKDW EDODQFHY OHDUQHU DJHQF\ ZLWK DFDGHPLF DFK

5
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7ZKLBUHVHQWDWORQ@HMW UDQVIRUBRWHORNBD W L | LG WHA O LY HIQF H
VHFRQGDWKHP DRMR.E B OH G X F D VBLRZ L@V L IKWR W K H R Z HURY K6N \
$,PDWKHPDRRE B OERR S HWLRRUWI D Q IE]WWEK+HR QIJRQ JGXFDW I(RRQIDSPHQW
,QGXVWU\ $VVRFLDWLRQ +.((,$

c.c= Y> fRfo®AR@RPA fUscU ! &> afAeo —@UI a@D/A > ¢
c c.C &C xDBDHrEBBVC
q Df rViBDCrYi i A
v ;Y o DOF* «> A
a

‘H WX®PRGHIUHDOL]EWLR@NQDQFPDONEMHUMKE ULRW KWWRF N
V Z LW FEKHIW Z HDHEX ®@Q G E HDRD UNG WL YEHO KL G GHIU N RKDLRQLQYHVWR |
WUDGEHWZHHUQVNHILPH VZLWFRE®OULVN EROQ¥WHHNMAB HWHUPRQH
RSWLRBOXH@AFSIXUF KD DIQEIH O ON QR HR/W KWW RWIRED OD @ H. @ XWV W V
H[SHULHQRH®HDOLDUQILRUOR\ZY WKW L GHWL YHBRERV H U P LZHD® YWHK
FKDUDFWHIRS|WLFDOKXHFWEZRKO®ROGWEEHR QBQ®WRBNVSHFWLM HO
WKHQLTXROXWLRQWWRFEFRXSGH® TXDWDR@GEW®RSWLRROGDQE
VHO QIHYL RRWKERQBQGE®WRFKNFHUHVHRPHD UNUMILPBIYGUHIHUHQFF
LQFRUSR UWHDIOQ] XWILRMWRSSRVHWHFRYWUDGEBKD Y LORW H RV
UHDOL]PWLRIQNWK R BWNWBIMJI L PSHV/H GHLFWU HYPHHU V LRRIY WGIL V S R VH W/H R\
ZKLOHPRGHIQ FRUSR PDWNMWJILPEXWRWHD O L] XWILRSQW'G LWWNQ G
IROORZMOUDW HJIJHWKRSSRVRWHKBLYVSRVHEEHRQF O X GERMKDWXUH V
JHQH U DW HAMHRVW U D GELHXKID YILRFO X GR Q X Q W B D I0DND QD) G RV \ZIH W K
RSWLPDDXLGSRLLEBNS HLQQE QN KBIV V H V V IRHVD KD U N VAW D WHHO QRUWY K H

V W RFINARLZ L W K R R WH G LD M/SHX U F FOIVGH D V R Q@HEORHOWKGIL V S R VH W/H R\Y
DQG RWKHU VWDWLVWLFV FRQIRUPLQJ ZLWK UHFRUGHG EHKDYL
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7KHKOWUD ZLGH) LIKQG XPDJEHND QDWW UDFVELRRDUNBUDLGHESLD
VFUHHEGHGD XV R Y LRI LFKPHRSLD UHIO®IR H B D WARQDY L DGl Q JW K
$/ KDEHHDFNQR ZO MAEIHKG J KWDH O DWW IBM ZRHW D U JRIMAR SIMDFUHH QL Q
VSKHUHFRDY D OS(Q@RHD VX UHPKEWJIR\R S L®L D JQ RWEW H G L FEVD VRRE
WK8:) IXQGXPDJIEWDUWABQVLGHBYBYWKKLIK[SHQB A GVLPARV RNV
PHDVXUGQIQ G/ ZHSURSRWHKERSXOD H Q KSDRIFHRO X WHR QDI®OW ZR U N
&H&11DRQH VWRSEDVHGSKWKD®,RPUBDPHZRUMRL SWEGEEH/ DQG
P\RSLWWDWXKWH&L11IRUPXODWMKIOW L UH V SIRHUWUHH VW KR O DRKHDW L S O
GHSHQGHOWUHWH FRIHVISRXIRGHW KIHP D JFHR Y D U ZIX\W BMMK®IR QO L Q H D L
RIWKBIVVRFLDWRBB CCHBEDFNERQH7RWKRUR XGIHKOR ULEBHSHQGHQF
VW U X FB/XRIGW KHHV SR QXHIF/R G HIIQ G QFRU S RUKPRIY GLWGROBQGHQF
DPRQUHVSRQVE¥11WKURDIXHZRSXOD OLNHOALMK BRE® Y VGHD W LV W
LQWHUSUHRMDAMW BERQGLWGRGQHEQG HDPRDUHV SR QD/M® H Y HVDIODAX F K
GHSHQGHEMNR QWBKGHSHQ G HQF®ID LEAMKIHP DJIJFHRYDULBWHXULVWLF
MXVWIKIBWSHURSRORED @ Q KD QFKHHV W L P CHVILLAEQ IRIQWFK&IL 1Z HL J KMV
DSSOAK&H&1IWRVKS:) GDWDNRIOW HEVWKNGQ & HP R Q V WWUIKDBIKEH & 1 1
VKDUBQKDQWHSIUHG L F\DSYDH ROY.DW L ER¥NERQHV2XWWXBXSSRUW:
WKH RSKWKDOPRORJ\ YLHZ WKDW EHVLGHV 6( $/ LV DQ LPSRU
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